Introduction
The design and construction of inorganic-organic hybrid materials has attracted considerable attention in recent years for their special functional properties such as optics, magnetism, separation and catalysis as well as the variety of architectures and topologies [1, 2] . Among them, the synthesis of hybrid materials using anion complexes as counter ions is a strategy allowing us to probe systematically their effect on the cation backbone. Thus, we are attempting to control the topology of the crystal structure [3] .
Recently, the synthesis and structural characterization of multidimensional homo-and heterometallic coordination polymers based on the pseudo-halides SCN - [4] has been in the focus of many research groups worldwide. This interest is based not only on the high versatility of their binding modes which allow a rich architectonical diversity in corresponding structures, but also on their exceptional potential applications. The thiocyanate ligand with its marked ambidentate character and all the versatile coordination modes described above is expected to afford a number of homo-and heterometallic discrete one-, two-and three dimensional structural assemblies with specific structural features and optical and magnetic properties [5] . Simultaneous presence of two different metal centers can potentially give rise to interesting physico-chemical properties and lead to attractive novel topologies and intriguing frameworks. However, despite the various coordination modes of the SCN -group to the metalions, it is not widely used in the design and synthesis of inorganic compounds and the heterometallic thiocyanato bridged species are comparatively less numerous [6] .
Some zinc thiocyanate systems have been reported in literature. However, the synthesis of inorganic-organic hybrid materials using zinc thiocyanate anionic systems and cation complexes as counter ions is still rare or lacking [7] . Our current interest is the combination of zinc thiocyanate anions with cationic zinc complexes as counter ions resulting in fascinating hybrid materials and significant use in bioinorganic chemistry, too [8] .
This strategy is anticipated to result in appealing structural, electrochemical, and thermal properties which should lead to interesting new functional materials. As a part of continuing investigations on inorganic-organic hybrid compounds based on zinc cation and anion complexes, we report the synthesis and crystal structure determination of the new hybrid compound [Zn(4,4 -dmo-2,2 -bpy) 2 (CH 3 COO)] 2 [Zn(SCN) 4 ]·H 2 O displaying two different positions of Zn ions in the cyclic voltammograms.
Experimental

Materials and measurements
4,4 -dimethoxy-2,2 -bipyridine, is commercially available from Aldrich (97%) and is used as received. All chemicals were of reagent grade and used without further purification.
IR spectra were recorded as KBr disc using Perkin-Elmer 597 and Nicolet 510P spectrometers. Microanalyses were carried out using a Heraeus CHN-O-Rapid analyzer.
1 H NMR spectra were measured with a BRUKER DRX-500 AVANCE spectrometer at 500 MHz. Thermal analyses were carried out on a Perkin-Elmer instrument. Electrochemical measurements were performed with Potentiostat/ Galvanostat Autolab30 in a conventional three-electrode glass cell containing glassy carbon (GCE) as working electrode, a Pt plate as auxiliary electrode, and Ag/Ag + as pseudo-reference electrode standardized by the redox couple ferrocenium/ferrocene (Fc + /Fc). GCE was polished to a mirror-like surface with alumina and water slurry on polishing cloth and rinsed with doubly distilled water. Then, it was subsequently cleaned ultrasonically in acetone, absolute ethanol and distilled water. Prior to the electrochemical experiments, the electrode was dried with an argon gas stream, and the solutions were purged with pure argon gas for at least 10 min; additionally, an argon atmosphere was maintained over the solution during the experiments. Cyclic voltammetry was carried out in blank solution [DMSO + 0.1 M tetra-n-butyl ammonium perchlorate (TBAP)] containing each of the compounds with a scan rate of 50 mV s −1 at 25
Preparation and crystal growth of [Zn(4,4 -dmo-2,2 -bpy)
4,4 -Dimethoxy-2,2 -bipyridine (0.108 g, 0.5 mmol) was placed in one of the arms of a branched tube (diagram 1) [9] , zinc(II) acetate trihydrate (0.14 g, 0.5 mmol) and potassium thiocyanate (0.097 g, 1 mmol) was placed in the other arm. Methanol and water in a ratio of 1:1 were carefully added to fill both arms. The tube was then sealed and the ligand-containing arm was immersed in a thermostat bath at 60
• C while the other arm was maintained at ambient temperature. After 1 day, crystals in the cooler arm were filtered off, washed with mother liquid and dried in air, yield:69 %. Elemental Analysis Calculated for C 56 
Crystal structure determination
Data collection for X-ray crystal structure determination was performed on a Agilent Super Nova providing Mo-K ␣ radiation (λ = 0.71073Å) at 123 K. The data were corrected for Lorentz and polarization effects. Absorption was corrected by multi-scans [10] . The crystal structure was solved using SIR2004 [11] and refined with SHELX-97 [12] . All non-hydrogen atoms were refined using anisotropic displacement parameters. The hydrogen atoms were located in idealized positions and refined isotropically according to the riding model. The disordered H 2 O molecules in 1 could not be refined to any reasonable molecule from difference Fourier peaks. In the void midpoint, size and number of electrons were refined and the contribution to the calculated structure factors of the disordered water is taken into account with the program SQUEEZE [13] . The void is detected around (0.171 0.384 0.236), with the size of 122Å 3 , and 11 electrons. This corresponds to one water molecule. The Flack-x-parameter is equal to zero (0.002(5)), indicating that no inversion twin is present. Checks for higher symmetry were carried out and did not suggest any missed symmetry element. The crystal data and structure refinement of compound 1 is summarized in Table 1 .
Result and discussion
Spectroscopic and thermal studies
Architectures of this kind of supramolecular compounds constructed with zinc(II) and the ligand 5,5 -dmo-2,2 -bpy have not been reported so far. Herein, we report the synthesis and crystal structure of [Zn(4,4 -dmo-2,2 -bpy) 2 (CH 3 COO)] 2 [Zn(SCN) 4 ]·H 2 O, a new ionic compound consisting of two zinc centred cations and an anionic zinc(II) complex. Single crystals of 1 were grown by the branched tube method (diagram 1). The reaction between the ligand 4,4 -dmo-2,2 -bpy, Zn(CH 3 COO) 2 ·3H 2 O and KSCN by diffusion along a thermal gradient in water/methanol solution yields 1 as white crystals. It is an air-stable and high-melting solid which is soluble in DMSO.
The IR spectrum of 1 shows absorption bands resulting from the skeletal vibrations of the aromatic rings in the range of 1400-1600 cm −1 . The relatively weak absorption bands at around 2965 cm −1 are due to the C-H modes involving the -CH 3 group of the ligand in 1, and the relatively weak absorption bands at around 3053 cm −1 are due to the C-H modes of the aromatic rings. A single νas(CN) band at 2085 cm −1 indicates the presence of terminal thiocyanate [7] . The weak absorption band at 765 cm −1 is assigned to a blue shifted CS stretching mode as compared to the corresponding ν(CS) for KSCN at 746 cm −1 [14] . The bands in the region 565-1060 cm −1 originate from the in plane or out of plane bending vibrations of the aromatic C-H groups [15] . The 1 H-NMR spectrum of the DMSO solution of 1 displays three signals assigned to the CH protons of the pyridine groups of the 4,4 -dmo-2,2 -bpy ligands in the In order to examine the thermal stability of 1, thermal gravimetric (TG) and differential thermal analyses (DTA) were carried out between 30 and 900
• C (Fig. 1) . 1 does not melt and is stable up to 210
• C where it begins to decompose. The TG curve indicates the release of 4,4 -dmo-2,2 -bpy and the decomposition of acetate and thiocyanate anions in two steps at 220-300
• C and 550-750
• C with endothermic effects (Fig. 1) . The solid residue formed at around 900
• C is supposed to be ZnS (obs: 55.80, calc: 57.90%).
Electrochemical studies
The voltammogram of 1 shows two metal-centered reduction peaks at −1.3 and −1.6 V (Fig. 2) . In the case of free Zn 2+ ions there was only one reduction peak at about −1.4 V related to the reduction of Zn II to Zn 0 [16] . In order to evaluate the origin of the two reduction peaks of 1, the ratio of currents of the metal-centered and ligand-centered peaks were measured as about 1:1 and 1:2 for the first and second Diagram 1. The "branched tube" method used for obtaining crystalline of 1. peak (R Zna and R Znb ), respectively. Therefore, the two reduction peaks may be attributed to the presence of two different positions for Zn ions in complexed form. The position with a less negative reduction potential (less stable) are two times of the other position (more stable). In the reverse scan a weak broad oxidation peak about −0.5 V was observed which can be attributed to the oxidation of Zn 0 . 
Description of the crystal structures
The crystal structure of 1 as determined by single-crystal X-ray diffraction is composed of three molecular parts: anion complexes, cation complexes, and disordered water molecules. A perspective view of 1 together with the atom labeling scheme is presented in Fig. 3 .
The crystal structure of 1 consists of two [Zn(4,4 -dmo-2,2 -bpy) 2 (CH 3 COO)] + complex cations, [Zn(NCS) 4 ] 2− complex anions and water molecules disordered by symmetry. Relevant bond parameters are given in Table 2 .
The Zn atoms in the complex cations are ligated by the four N donor atoms of two chelating 4,4 -dmo-2,2 -bpy molecules and two O donor atoms of acetate anion to form a distorted octahedral geometry. The Table 2 Selected bond lengths (Å) and angles (
• ) for 1 [7, 17] . The four terminal N-coordinated isothiocyanato groups in the [Zn(NCS) 4 ] 2− complex anion form a distorted coordination tetrahedron around Zn3, with bond parameters in the following ranges: Zn3-N: 1.937 (7) • . The S-C average distance of 1.595(2)Å and C-N average distance of 1.165(3)Å are in accordance with the values observed in other thiocyanato-containing metal complexes [18, 19] . The shortest Zn···Zn separation is 6.372(2)Å.
Intermolecular, intramolecular, and π-π stacking interactions are observed in 1, and are responsible for the packing of the complex cations in the crystalline compound. An inspection of the data of 1 for weak directional intermolecular interactions by the programs Platon and Mercury, which were used for calculating the supramolecular interactions, reveals C-H···O [20] , C-H···N [21], and C-H···S [13] interactions, and π-π stacking [22] (Table 3) .
The packing diagram of 1 exhibits a 2D self-assembled structure through π-π stacking (slipped faceto-face), with 3.440 and 3.387Å between the aromatic rings, which is remarkably shorter than for normal π-π stacking [23] . In addition to π-π stacking 3D supramolecular networks by C-H···O, C-H···N and C-H···S interactions are found in 1. These are substantially shorter than the van der Waals distances of 2.72Å for the H···O, 2.75Å for the H···N and 3.00Å for the H···S distance (Table 3 , Fig. 4 ) [24] .
In summary, the crystal structure of 1 is surprising because it represents a new two-dimensional framework with three Zn(II) complexes incorporated in three different functions, two cationic, and one anionic.
